Introduction
The supporting information have three parts of text and two tables. Text S1 describes the nutrient transport kinetics details. Text S2 is the full version of our experiment instruction.
Text S3 describe the algorithm we used to calculate the Nash equilibrium. Table S1 presents parameter values and variables for QUAL2K model used in our experiment. Table   S2 shows functions for the kinetics. Two tables are nested in Text 1.
Text S1: Nutrient Transport Kinetics Details

Hydraulic Flow
The basic hydraulic unit of interest is the flow in the stream, measured in m 3 /day, and denoted Qi. The inflow from the headwater, Q0, is specified exogenously, and is conserved across the remaining reaches, Qi = Qi-1 + Qin, i -Qout, i. Qin, i and Qout, I represent the total inflow or outflow from any sources across parcel i (for instance, runoff from a storm event).
Once Qi is determined, the water velocity (Ui) and depth (Hi) across Ri can be calculated using Manning's Formula that equates the flow with the geometry of the reach's channel:
where Q is flow (m 3 /second), S0 is the slope of the channel, Ac is the area of a channel cross section (m 2 ), and P is the "wetted perimeter," or length of the channel cross section that is in contact with water (m). The Manning roughness coefficient, n, takes values between 0.015 and 0.15, depending on the smoothness of the channel surface, with larger numbers indicating rough or weedy river bottoms. Assuming a trapezoid shaped channel and making a few geometric substitutions, this can be solved for water depth by calculating recursively on the following series until it reaches a convergence rate below 0.001: where Q and S0 are as described above, Hl is the water depth in iteration l (m), ss1 and ss2
are the slopes of the banks (m/m), and B0 is the width of the bottom (m). Once Hi is determined, the velocity, Ui can be determined by diving the flow by the cross sectional area (Details of parameters and variables are included in 
Kinetics
The kinetics represents the biochemical process in the system. There are three basic sets of processes: algae grow based on available light, nitrogen, and phosphorus. Over time algae decays and releases nutrients or settles and remove the nutrients from the system. In the nitrogen cycle, algae decay releases organic nitrogen. This may settle or be converted to ammonium, which can be then be taken up by algae or converted to nitrite. Nitrite can be converted to nitrate, which can also be taken up by algae. The phosphorus cycle takes organic phosphorus from algae, mineralizes it to inorganic phosphorus, which then may be taken back up by algae. The equations that govern this are detailed in Table 1 .2.
Mass-Balance
The final nutrient levels are calculated for each nutrient using the following mass-balance equation:
Where Qi is the flow, Vi the volume, ci the nutrient level, Ei the dispersion rate, and Wi the new nutrient load for reach i. Ki is the net kinetic production of the nutrient. 
Text S2: Experiment Instructions
Welcome to an experiment about the economics of decision making. In the course of the experiment, you will have several opportunities to earn money. Any money earned during this experiment will initially be recorded as experimental dollars. At the end of this experiment, we will convert your experimental dollars into actual US dollars that will be handed to you as you leave. The more experimental dollars you earn the more actual US dollars you will receive at the end of the experiment. At the end of the experiment, your earnings will be converted at a rate of $1 US dollar for $90 experimental dollars. Please read these instructions carefully and do not communicate with any other participants during the experiment.
Production and Byproduct
In today's experiment, you will participate in a number of parts. Each part will have six rounds. Each round is independent, meaning that decisions during a round do not affect future rounds in any way. The only value that gets carried over across rounds is your cumulative profit, which will be used to calculate your cash earnings at the end of the experiment.
Throughout the experiment, you will be in a group of six people. You and everyone else in your group will be playing the role of one of six business owners who operate on parcels of land along a river. The parcels are labeled Parcel 1 through 6, as displayed on the map to the right. Parcel 1 is the furthest upstream and Parcel 6 is the furthest downstream. The actual parcel that you operate on will be indicated to you on your computer screen.
Each business owner produces output that creates income, and also byproduct that goes into the river. In general, the higher the output that is produced, the more byproduct that is generated. Some concentration of this byproduct is harmless to individuals downstream. However, if the concentration is too large, the byproduct has negative effects on others downstream.
In each round, you must choose your production level, between 0 and 50 units. The amount of profit that you earn increases the more you produce .00, as shown in Graph 1. In some parts of today's experiment, your profit may be adjusted by a tax or subsidy (from here on referred to as tax/subsidy). This tax/subsidy can be either negative (a tax) or positive (a subsidy) and is determined based on how much concentration of the byproduct is in the river relative to a target. The concentration is an average of measurements that can occur at any time during a round. The actual measured concentration in a particular round could be above or below the average. There will be a subsidy for zero concentration, but the amount of subsidy gets smaller as concentration increases. If the measured concentration level is exactly the same as the target, there will be no tax/subsidy. As concentration increases beyond the target, the tax gets larger. At the end of the experiment, your earnings will be the sum of the profits you earned from all of the rounds.
In some parts of the experiment, how your production influences the measured concentration (and hence the group's tax/subsidy) may depend on which parcel you operate. The byproduct from all of the parcels enters the river simultaneously and then flows downstream, spreading out and mixing together. The longer distance the byproduct flows (i.e., upstream parcels with lower numbers), the more it will spread and mix. The concentration will be initially high as the byproduct flows from a parcel, but as the byproduct moves further downstream, it dilutes and hence the concentration decreases. At the same time, however, the byproduct also spreads out over a longer stretch of the river.
In the parts where there is a tax/subsidy, there will be either one or two sensors which take a measurement of the concentration of the byproduct in the river as it flows past. If there is only one sensor it will be located just downstream from Parcel 6. If there are two sensors, one will be located just downstream of Parcel 6, and one will be located between Parcel 3 and Parcel 4, as shown in the figure to the right.
Within each round, the concentration of the byproduct fluctuates when it flows past the sensor(s) because byproduct from the six parcels mixes and dilutes as it flows downstream. This means that the higher the sensing frequency, the more accurate the measurement will be. Depending on the part of today's experiment, the sensor(s) will take measurements at three different rates during each round: (1) low sensing frequency; (2) high sensing frequency; and (3) continuously. When the sensor measurement is not continuous, the measured concentration is likely to have high variability. The more frequently measurements are taken, the more accurate the measurement will be.
A calculator is provided on your computer that will allow you to determine the average tax/subsidy, and profit for any set of production decisions for the six parcels. This will be available to you throughout the experiment so that you can try out different strategies without it affecting your earnings. You can enter production decisions for each parcel by typing it directly into the column labeled "Production" or you can also change production by using the slider for each parcel.
Prior to each part of today's experiment, an explanation of how the tax/subsidy will be determined will be provided as well as the number of sensors and the frequency with which sensing will occur. In each part of the experiment, you will be provided with several examples that you can try on the calculator. These examples will you understand how the change in sensing affects your profit. The calculator will automatically adjust based on the part of the experiment.
In summary, in each round:
1. You begin with no production or byproduct from your parcel, and zero byproduct concentration in the river. 2. You choose your level of production for your business on your parcel.
3. Your level of production determines your income and the amount of byproduct that goes into the river. In general, the more you produce, the higher your income and the byproduct you generate.
4. The concentration of the byproduct is measured by either one or two sensors. Measurements will occur within a round either at (1) a low frequency, (2) a high frequency, or (3) continuously.
5. If applicable, the same tax/subsidy will apply to all business owners in your group. The tax/subsidy will depend on everyone's production level in your group and the measured concentration level relative to a threshold.
6. How much the byproduct from your parcel contributes to the measured concentration (and hence the group's tax/subsidy) depends on how much you produce and how far upstream your parcel is from the sensor.
7. Your profit in each round is the sum of your income from production and the tax/subsidy.
8. At the end of today's experiment, your experimental earnings will be the sum of all of the profits you earned from all of the rounds. These experimental earnings will then be converted to US dollars at a rate of 1 experimental dollar for 90 US dollars.
We will begin with three practice rounds that will give you an opportunity to familiarize yourself with the software. These first three rounds will not result in any cash earning. In the practice rounds there is no tax/subsidy, and there are no sensors measuring the concentration of the byproduct. Therefore, your profit in each round is determined only by your production in that round.
To help you understand how your calculator works in this part of the experiment, please complete the table below. The administrator will review the information featured in these tables with you.
Example Parcels
Production for all Parcels Tax 
Experiment Instructions -One Sensor, Continuous Measurements
In this part of the experiment, the concentration of the byproduct is measured by one sensor which takes a measurement continuously throughout each round. Based on this setting, upstream parcels farther away from the sensor tend to have a bigger impact on the tax/subsidy than the downstream parcels closer to the sensor. In general the tax is higher (subsidy is lower) than when the measurement is not taken continuously in each period.
To help you understand how the calculations works in this part of the experiment, please review the following tables. The administrator will review this information with you.
Example Parcels
Experiment Instructions -Two Sensors, Low Frequency Measurements
In this part of the experiment, the concentration of the byproduct is measured by two sensors which take low frequency measurements. Parcels 1 through 3 have their tax/subsidy based on Sensor 1's measurements, while parcels 4 through 6 have their tax/subsidy based on Sensor 2's measurements. In this setting, every parcel has approximately the same influence within the block on determining the tax/subsidy. The Block 1 parcels (Parcels 1 through 3) have an effect on the Block 2 parcels (Parcels 4 through 6), but not vice versa. In general, the tax is lower (subsidy is higher) compared to when there are more frequent sensing.
Example
Production for all Parcels 
Experiment Instructions -Two Sensors, High Frequency Measurements
In this part of the experiment, the concentration of the byproduct is measured by two sensors which take high frequency measurements. Parcels 1 through 3 have their tax/subsidy based on Sensor 1's measurements, while parcels 4 through 6 have their tax/subsidy based on Sensor 2's measurements. Based on this setting, upstream parcels farther away from the sensor tend to have a bigger impact on the tax/subsidy than the downstream parcels closer to the sensor. The Block 1 parcels (Parcels 1 through 3) have an effect on the Block 2 parcels (Parcels 4 through 6), but not vice versa. In general the tax is higher (subsidy is lower) than when the measurement is taken only once during each period.
To help you understand how the calculations works in this part of the experiment, please review the following tables. The administrator will review this information with you. 
Experiment Instructions -Two Sensors, Continuous Measurements
In this part of the experiment, the concentration of the byproduct is measured by two sensors which takes a measurement continuously throughout each round. Parcels 1 through 3 have their tax/subsidy based on Sensor 1's measurements, while parcels 4 through 6 have their tax/subsidy based on Sensor 2's measurements. Based on this setting, upstream parcels farther away from the sensor tend to have a bigger impact on the tax/subsidy than the downstream parcels closer to the sensor. The Block 1 parcels (Parcels 1 through 3) have an effect on the Block 2 parcels (Parcels 4 through 6), but not vice versa.
In general the tax is higher (subsidy is lower) than when the measurement is not taken continuously in each period.
Text 3: Calculation of Nash equilibria
Due to complexity of the realistic physical nutrient transport model presented in the introduction, it is very difficult or impossible to solve for social optimum and Nash equilibriums analytically. We rely on numerical techniques to figure them out.
We find the social optimum by maximizing NSB in Equation 3. We searched 5000 6 combinations of production level [each parcel are assumed to have 5000 choices (0.01, 0.02, 0.03, …, 49.99, 50.00)] using Python programming and the optimal production level for six parcels based on linear damage are presented in Table 2 .By the similar token, we are able to use Python interacted with the nutrient model to calculate the Nash equilibria.
Before the calculation, one initial point of production combination is randomly chosen.
Starting from this initial point, an algorithm is designed such that production level in random parcel i is changed to maximize expected payoff of the firm at parcel i based on known production at five other parcels. The production array keeps updating until no single participant can increase his/her expected payoff by deviating from existing array unilaterally.
According to the numerical results, NEs of Treatments B, C and E and F are not dependent on initial point and the calculation results always converges to the same production array. However, NEs of Treatments D and G are dependent on initial points and several production arrays are found. Social optimal based on linear damage is one of the found arrays. Worth to point out, due to those production arrays are not very different from each other, we use the social optimal level as the social optimum for Treatment D and G.
